The cell surface of Azospirillum brasilense was probed by using fluorescein isothiocyanate (FITC 
Azospirillum brasilense is a nitrogen-fixing bacterium which grows in close association with the roots of grasses without the formation of nodules. This organism may be found on root mucilages of various agriculturally important plants (18, 35) or may establish infection sites within the root cortex (33, 35) . A. brasilense has been observed to stimulate plant growth by producing plant growth hormones (33) , by enhancing the uptake of nutrients (3, 21) , and by increasing the nitrogen content of plants (7) . The nature of the association of A. brasilense to a host is unresolved; however, it has been suggested by Kreig (20) that bacterial strain specificity exists for C3 and C4 grasses, and Okon (26) has reported that there may be specific sites for bacterial colonization on roots.
The role of bacterial cell surface recognition in the colonization of host tissue has been well documented for animal (31) and plant (11) systems. Analysis of the cell surface by using lectins has yielded useful information for the characterization of sugars in bacterial capsules and cell walls (5, 9, 28, 32) . Lectin-cell interactions may be detected by agglutination; however, quantitation of the degree of agglutination is not easily achieved. Flow cytometry, a highly analytical technique, has been used to evaluate cell populations (4, 30) ; however, this application has been almost exclusively with eucaryotic cells.
In this study, we evaluated the binding of fluorescencelabeled lectins to the cell surface of A. brasilense by flow cytometry. The results were compared with those of agglutination studies in order to evaluate the usefulness of flow cytometry for the study of lectin-cell interactions.
MATERIALS AND METHODS
Cultivation of bacteria. A. brasilense ATCC 29145 was grown in the malate-salt medium described by Albrecht and Okon (1) (5) . Cells were washed in a buffer solution containing 0.85% NaCl and 10 mM Bis-Tris hydrochloride (pH 7.4). The cells were diluted to a number 4 McFarland barium sulfate standard with the NaCI-Tris buffer, and 0.1 ml of cell suspension was incubated with 100 ,ug of lectin. The suspension was gently mixed on a slide rocker for 20 min at 22°C, and agglutination was subjectively evaluated by using a microdilution reading mirror. The lectins used in the agglutination study were obtained from E-Y Laboratory and include the lectins used for FITC fluorescence study plus Arachis hypogaea agglutinin (23) , Trichosanthes kinlowii agglutinin, Ulex europaeus agglutinin (24) , Solanum tuberosum agglutinin (2), Phaseolus vulgaris agglutinin (19) , Lens culinaris agglutinin (16) , and Dolichos biflorus agglutinin (12) .
Microscopy. Cells which were exposed to FITC-lectins were examined by epifluorescence with a Leitz-Witzlar microscope equipped with a number 3 dichroic mirror and a K510 yellow filter. The India ink procedure was used to assess capsules in cells grown by NH4' assimilation or N2 fixation.
Capsule production by A. brasilense was evaluated by transmission electron microscopy, with a modification of the method of Jones et al. (17) . Epon 812 disks were cast in size times in 0.15 M cacodylate buffer and stained with 2.5% osmic acid and 1,500 ppm ruthenium red for 1 h. The disks were washed in cacodylate buffer, dehydrated in ethanol, and exposed to propylene oxide for 30 min before being infiltrated with Epon 812 resin. The disks were then placed in size 0 beam capsules containing fresh resin and heat polymerized. Thin sections were cut with a diamond knife, and samples were stained with 2% uranyl acetate and 1% lead citrate.
Exopolysaccharide assay. Bacteria were removed from the liquid culture by centrifugation at 12,000 x g for 10 min. The supernatant was passed through a membrane filter (Millipore Corp., Bedford, Mass.) with a pore diameter of 0.45 ,im and assayed for hexose by the procedure of Herbert et al. (15), with glucose as the standard.
RESULTS
Capsule demonstration. A. brasilense produced a discrete capsule when grown under either N2-fixing or NH4+-assimilating conditions. The capsule was readily observed by light microscopy with India ink staining and was apparent at all phases of growth. Bacteria prepared for flow cytometry displayed capsules, indicating that the capsule was not removed by repeated cell manipulations. The presence of capsules was confirmed by transmission electron microscopy of thin sections of A. brasilense. The capsule around NH4+-grown cells is apparent in Fig. 1 , and similar capsular morphology was observed with cells fixing N2.
Examination of lectin bound to A. brasilense by epifluorescence microscopy revealed that FITC-lectins were uniformly distributed on the cell surface. In Fig. 2 The percentage of cells which bound lectin depended on culture age and the nitrogen source in the growth medium. In general, fewer cells from a 45-h culture were found to bind lectin than did cells from a 12-h or 24-h culture. However, more cells from a 45-h culture grown on N2 were found to bind LFA and Con-A than did younger cells grown on the same nitrogen source. Cells from 24-and 45-h cultures grown on N2 bound more lectins than did cells of comparable age grown on NH4', except for LFA binding to 24-h cells. For the 15-h cultures, cells grown on NH4' bound LFA, Con A, SBA, or GS I to a greater extent than did cells grown on N2. The 24-h culture most closely reflected the log phase for both N2 and NH4' cultures (Fig. 3) .
The reproducibility of the FITC-lectin binding system was examined by using cells derived from eight distinct populations of A. brasilense grown under N2-fixing conditions. Triplicate tests on the isolates produced an average value of (Table 2 ).
The examination of cells which bound FITC-lectins revealed that fluorescence intensity depended on FITC-lectin in the binding assay. The magnitude of fluorescence intensity is graphically presented as the percentage of bacteria detected at various fluorescence intensities (Fig. 4 to 7) . With FITC-Con A binding to N2-fixing cells, at a fluorescence level of 6.5 on a linear scale, 64% of the cells exposed to 50 ,ug of lectin, 34% of the cells exposed to 30 ,ug of lectin ( binding to cells grown on NH4' directly depended on lectin concentration at a fluorescence level of 3.5 (Fig. 5) , and cells from N2 culture displayed a fluorescence dependence on lectin concentration at a fluorescence level of 1.5. The dependence of fluorescence intensity on the concentration of FITC-GSA was clearly observed at a fluorescence level of 6.5 for both bacterial cultures (Fig. 6) . With FITC-WGA (Fig. 7) , the greatest percentage of cells for both cultures had a 1. 25 (Table 3) . With N2-and NH4+-grown cells, a significantly larger volume was observed with all four FITC-lectins. Although the percentage of cells with volume larger than 1 did not differ greatly from that of the control, cells exposed to lectins yielded more individuals with larger volumes than did the controls. We attribute the increase in volume to cell agglutination caused by lectin-cell interaction.
The specificity of Con A and SBA for sugars on the cell surface of A. brasilense was demonstrated by the inhibition of lectin binding by appropriate sugars. The number of cells binding FITC-Con A significantly decreased when mannose was present, and the presence of galactose reduced the number of cells binding FITC-SBA (Table 4) . Lectin binding by cells from both nitrogen cultures was similarly inhibited in the presence of hapten sugars. Agglutination survey. Lectin-dependent cell agglutination was observed with lectins with binding affinity for mannose, glucose, galactose, N-acetylglucosamines, and N-acetylgalactosamines (Table 5) . No agglutination was observed with lectins which recognize fucose (LTA and U. europaeus agglutinin) or sialic acid (LFA). Except for the results of agglutination with S. tuberosum agglutinin, no apparent difference in lectin-cell interaction was seen with cells grown on either of the two sources of nitrogen.
Exopolysaccharide production by A. brasilense was influenced by the nitrogen source in the growth medium (Fig. 3) , with no exopolysaccharide produced with N2 but high levels produced with NH4'. At this time, we do not know whether (14) .
From these lectin studies, the capsule of A. brasilense seems to contain galactose; however, chemical analysis is needed for verification. Some strains of A. brasilense produce a poly-galacturonic acid transeliminase (34) , and it would be important to learn whether the capsule could serve as a substrate for this enzyme or influence enzyme production. Although the binding of A. brasilense cells to plant roots is reported to be diminished in environments containing NH4 , the capsule contents, as determined by lectin binding, of bacteria cultured in N2 and NH4' appear to be similar. However, there is a difference in the extracellular polysaccharide synthesis of these two cultures, and it is important to direct attention to the characterization of extracellular polysaccharide synthesis in A. brasilense.
